The optimization and scale-up of inulin extraction from Taraxacum kok-saghyz Rodin was successfully performed. Evaluating solubility investigations, the extraction temperature was fixed at 85°C. The inulin stability regarding degradation or hydrolysis could be confirmed by extraction in the presence of model inulin. Confirming stability at the given conditions the isolation procedure was transferred from a 1 L-to a 1 m 3 -reactor. The Reynolds number was selected as the relevant dimensionless number that has to remain constant in both scales. The stirrer speed in the large scale was adjusted to 3.25 rpm regarding a 300 rpm stirrer speed in the 1 L-scale and relevant physical and process engineering parameters. Assumptions were confirmed by approximately homologous extraction kinetics in both scales. Since T. kok-saghyz is in the focus of research due to its rubber content side-product isolation from residual biomass it is of great economic interest. Inulin is one of these additional side-products that can be isolated in high quantity (~ 35% of dry mass) and with a high average degree of polymerization (15.5) in large scale with a purity of 77%.
Inulin is a natural storage carbohydrate consisting of linear chains of β-2,1-linked D-fructofuranose molecules terminated by a glucose residue sucrose-type linked at the reducing end. For characterization purposes and quality evaluation, the average degree of polymerization (DP n ) respectively the molecular weight of inulin is the relevant size. The properties of inulin are highly DP n dependent. The higher DP n fractions are commonly used as fat substitutes while the lower DP n components are used as sweeteners or sugar replacers [1] . The prebiotic effect of inulin increases with higher chain length or DPn, respectively [2] . Since inulin is a component of more than 36,000 plant species [1] , it is a renewable, inexpensive basic resource for fructose syrup production, ethanol fermentation and citric acid productions [3, 4] . Inulin is mainly found in roots and tubers of plants from the Asteraceae family [5, 6] . Asteraceae species, such as Chicory and Jerusalem Artichoke, are currently used for commercial production of inulin. Russian dandelion or Taraxacum kok-saghyz is another source that recently received more attention due to its latex and rubber content [7, 8] .
Russian dandelion can be cultivated in the northern hemisphere and is a robust plant that can also be grown on marginal soil. About 5% of the root dry mass consists of rubber. Values concerning the inulin quality and concentration in the roots are lacking. In general, inulin isolated from dandelion was not in the focus of industry and science. To consider Russian dandelion as a promising and prospective inulin source, DP n values of the saccharide should be at least equal to the other sources. In common, high DP n values are demanded. For inulin from Jerusalem Artichoke and Chicory an DP n of 6-10 was described [9, 10] . The DP n is not only affected by the plant source but also by the climate, growing conditions, harvesting time and storage conditions [11] . Furthermore, based on the instability of the inulin concerning thermal, base and acid hydrolysis [12] , inulin quality is also greatly affected by extraction conditions. Herein, we present the optimization of the isolation in lab-scale experiments with the output of defined conditions. Sufficient solubility and stability were selected as optimization and evaluation criteria. For scale-up purposes, the determination of process parameters was carried out in a 1 L-bioreactor. Transfer to a 1,000 L-reactor could be performed with mixing time and Reynolds number without application of an intermediate volume. Isolation was performed on a pilot-scale under appropriate conditions to produce several kg of inulin with high quality and yield.
In our case, the aim was to isolate especially the high-molecular weight inulin (HMWI) from Russian dandelion in a given time span to valorize the extract. Higher temperatures should promote the solubilization process for both high-and low-molecular weight inulin (LMWI). The solubility for both HMWI (Inulin HP from "High Performance") and LMWI (Inulin ST from "Standard") was investigated depending on the temperature applied. Figure 1 indicate that solubility of LMWI was higher than HMWI in the whole investigated temperature range. As can be further seen, solubility of both inulins increased with temperature, especially from 70°C to 80°C. In that temperature range Inulin ST solubility increased to 500 g/L, whereas Inulin HP solubility increased to 185 g/L. Prospective extractions should thus be carried out at 85°C. Otherwise, inulin degradation should be prevented at these temperatures.
Results shown in
Therefore, an extraction of inulin was performed at 85°C both with and without 20 g/L Inulin ST in the raw extract. If significant hydrolysis or derivatizations such as Maillard reactions would take place in the investigated time span, a decrease in the inulin concentration difference (20 g/L) should be determined. As shown in Figure 2 , the difference remained constant over the whole extraction time. In order to determine the kinetics of the derivatization or hydrolysis (first-order, second-order), there is a need to add a model compound to the raw extract. Neither the concentration in both approaches, nor the concentration difference decreased with ongoing incubation time. These results indicate that relevant modifications or degradations by chemical or enzymatic hydrolysis did not take place. To confirm these findings, the concentration of the relevant mono-and disaccharidic compounds, as well as the DP n of the approach without Inulin ST are illustrated in Figure 3 at different points in time. Significant alteration in the concentration of free mono-and disaccharides could not be determined. Deviants are in the range of the standard deviations, show no tendency, and thus are not based on chemical hydrolysis. Over the whole extraction period, the concentration as well as the DP n of the extracted inulin remained constant. Based on the results gained, the scale-up was accomplished by the determination of best flow conditions providing an accelerated inulin extraction. Hence optimum flow conditions investigated on the lab scale (1 L-reactor) are achieved at a low homogenization time  at a given stirrer speed. As presented in Figure 4 , the optimum stirrer speed on the lab-scale was determined by conductivity measurements in water and in a root chip suspension.
The lowest homogenization time was identified in both experiments at a stirrer speed of 300 min -1 . This corresponds to the minimum time span that was required to homogenize the medium after KCl tracer addition. Using a stirrer speed of 300 min -1 solid-liquid extraction from T. kok-saghyz root chips is accelerated due to the enhancement of diffusion through the boundary laminar layer. After determination of the optimum stirrer speed, respectively the lowest homogenization time and the flow conditions had to be transferred from the lab-to pilot-scale (1000 L) by using the Reynolds number Re (see experimental section). Calculation is performed with the dynamic viscosity, density and the scale-adapted stirrer speed and dimension. Dynamic viscosity was determined as 7.69*10 -4 +/-1.26*10 -4 Pa s. Inulin leads to the formation of hydrogels and thus increasing viscosity compared with pure water. The density of the inulin extract (1005.7 +/-3.7 kg/m 3 ) is though comparable with the density of water at 25°C with a value of 998 kg/m 3 [13] . With a pilot scale stirrer diameter of 0.865 m and the optimum stirrer speed in the laboratory reactor (300 min -1 ), an ideal stirrer speed for pilotscale extraction of 3.25 min -1 was calculated. To verify the theoretical considerations, inulin extractions performed on the lab and pilot scale were investigated as a function of time ( Figure 5 ).
The progress of the normalized inulin concentrations in the supernatants of both scales is approximately homologous. This implies that the right assumptions concerning the relevant extraction parameters were made. After removal of suspended solids and concentration of the residual raw extract the liquid was subjected to spray drying. The slightly yellow powder after spray drying had an inulin proportion of 77%. The yield could be determined as 194.0 mg/g with respect to the dandelion root dry mass applied. The resulting DP n of the Inulin was determined as 15.5, which was higher than that from either Chicory or Jerusalem Artichoke [14] .
In combination with suitable process engineering investigations a successful transfer from a 1 L to a 1000 L scale could be carried out without the use of intermediate scales. The pilot-scale extraction resulted in an inulin powder with high DP n and a high yield. These values confirm that a technical inulin extraction process is feasible.
Extraction from Taraxacum koksaghyz Natural Product Communications Vol. 11 (5) 2016 691 Instrumentation: Small-scale centrifugations were carried out using a bench top centrifuge (Biofuge 13, Heraeus Instruments GmbH, Germany). Extractions on the small-scale were performed with the parallel research system (Parallel synthesis 1, Heidolph, UK). For milling of the dried roots an ultracentrifugal mill (ZM1, Retsch, Germany) was used in combination with a sieve (5 mm mesh).
For mixing time experiments and scale-up of the extraction a 1 Lreactor (Normag, Germany) and for pilot-scale experiments a 1000 L-reactor (STC Engineering, Germany) were used. Both reactors were equipped with a segment spiral coil stirrer (for details see [15] ). A cutting mill (Wanner, Germany) for pilot-scale root processing was used. Further equipment for purification or concentration of the extract on the pilot-scale includes a screw extruder (NRW Anlagentechnik, Germany), a disc centrifuge (Alfa Laval, Germany), a falling film evaporator (Normag, Germany), and a spray dryer (Nubilosa, Germany). Homogenization time measurements were carried out with the conductivity sensor PCE-PHD1 (PCE Deutschland GmbH). For determination of the dynamic viscosity η a rheometer was used (Anton Paar GmbH, Germany).
Inulin analytics: 2 mL of the samples were centrifuged at 16060 rcf using a bench top centrifuge. Supernatant was removed and 500 μL was mixed with 500 μL 20 mM acetic acid buffer, pH 4.2. Another 500 μL of the supernatant was mixed with 490 μL 20 mM acetic acid buffer, pH 4.2, and 10 μL (125 U/mL) inulinase (from Aspergillus niger, Sigma-Aldrich, Germany) was added. Both solutions were incubated in a thermo shaker at 55°C for 1 h. After incubation, residual suspended solids were separated by application of syringe filters.
Both solution with and without inulinase were analyzed by HPLC to determine glucose and fructose content. Chromatographic analysis was performed applying an Aminex HPX-87 H column (Bio-Rad Laboratories, Germany) as stationary phase at 30°C. As mobile phase 5 mM sulfuric acid was used with a flow rate of 0.6 mL/min. Compounds were identified by a refractive index detector (8120, Bischoff, Germany). Calibration was performed with 0.5-10 g/L glucose and fructose standards via height of peaks. Inulin concentration in the samples was determined using the formula below: c Inulin g/L =Δ Glucose g/L +Δ Fructose g/L + Δ Fructose g/L 10 with Δ Glucose as the difference of the glucose concentration in the samples with and without inulinase and Δ Fructose as the difference of the fructose concentration in the samples with and without inulinase. For determination of the average degree of polymerization (DP n ), the succeeding formula can be applied:
Since saccharose can be equated with the smallest inulin possible, a consideration of the saccharose concentration in this case is not necessary.
Taraxacum kok-saghyz roots preparation:
The plant material used in this study was collected in Kazakhstan [16] . For small-scale experiments concerning the determination of optimum extraction conditions, dried roots were used. Previously, the annual plants were harvested in Steinach, Germany in 2013. After harvesting, leafage was removed and the roots were air-dried. Prior to use, roots were washed, and chopped or ground, if necessary.
The fresh roots used for the scale-up of the extraction from the 1 Lto the 1000 L-reactor were harvested at the end of August (2014) in Steinach, Germany. As with dried roots, leafage was manually removed, and the roots were washed and chopped with a cutting mill. Immediately after chopping, roots were subsequently processed for inulin extraction.
Inulin solubility determination:
To determine water (pH 7) solubility of low-and high-molecular weight inulin depending on the temperature, a gravimetric method was performed. As a preliminary step, 6 2 mL tubes (3 E1; 3 E2) per temperature, concentration and kind of inulin were dried in an oven at 50°C for 30 min succeeded by 30 min incubation in a desiccator. After that, the empty weight of the vessels was determined. For solubility measurements, different inulin concentrations (100-500 g/L) were applied in excess of the solubility limit of the inulin at different temperatures (4-90°C). Either 1.5 or 2 mL of the respective concentration and inulin were incubated in a triple approach at 30°C and 500 rpm in a thermo shaker (MKR13, DITABIS, Germany) for 24 h in 2 mL vessels (E1). An incubation period of 24 h at the test temperature and the same speed of rotation ensued. Following that step, the vessels were centrifuged for 2 min at 16060 rcf. and 100 µL of the supernatant was directly transferred to a new empty vessel (E2). The previously weighed vessels were dried in a desiccator. Vessels were weighed again. To evaluate the results, inulin solubilized in 100 µL of E2 had to be related with the total amount of inulin applied in the given volume (E1).
Inulin stability in raw extract:
Extractions were carried out in 50 mL vessels at 85°C and orbital shaking at 700 rpm for 24 h using a parallel research system. 3 g of dried and milled Russian dandelion roots were mixed with water in a 1 g/10 mL dry mass/desalinated water ratio. Moisture content (~ 5 %) of roots was measured and considered in the addition of the necessary water volume to adjust to the correct relation. Additional to the one triple approach, 3 further approaches were prepared additionally spiked with 20 g/L Inulin ST to investigate the stability in the raw extract.
Following the incubation, inulin concentration, monosaccharide concentrations as well as DP n of the inulin were determined at different time points.
Determination of physical values for the scale-up of the inulin extraction:
The optimum stirrer speed (lowest homogenization time  (s) of the extraction medium) in lab-scale n S,L (min -1 ) was determined by conductivity measurement in water and suspension (10% dry mass of root chips (Ø 5 mm)) to evaluate the impact of the solids on the mixing time. The root chips were cleaned 6 times in water to reduce the conductivity in the reaction medium after addition of the root chips. After the stirrer speed was adjusted, a tracer (1 M KCl solution) was injected at the top of the stirred tank reactor and the time to converge a constant conductivity value was measured. The density ρ was measured by weighing 100 mL raw extract (3-times) prepared from dried roots harvested in 2013.
The dynamic viscosity η of a raw extract was measured (20 times per sample) by using a rotational rheometer. The measuring principle was to determine the required moment of force to keep a constant shear rate of 40 s -1 at a temperature of 85°C. The values were applied in the formula for calculation of the Reynolds number Re. The Reynolds number is used for the transfer and the calculation of the stirrer speed in the pilot scale (n S, P ). To ensure homologous flow conditions, the Re number has to equate for pilot-and lab-scale. From this, the equation has to be solved for the stirrer speed in the pilot-scale.
Re

Inulin extraction in lab-and pilot-scale:
In lab-scale the extraction of 120 g 2 cm root chips suspended in 1,080 kg water (10 % dry mass) was carried out at 85°C for 90 min at a stirrer speed of 300 min -1 in a 1 L-reactor. The inulin concentration in the supernatant was measured by HPLC-RI.
The extraction of 24.15 kg root chip dry mass (same roots as in labscale experiments) in 217.35 kg aq. distilled (pilot-scale) was carried out at 85°C for 120 min at a stirrer speed of 3.25 min -1 .
Sampling was performed at 10 min intervals. A 1000 L reactor was used, which had nearly the same geometric dimensions as the 1 L-reactor for the lab-scale experiments.
Purification/concentration of pilot-scale raw inulin extract:
The produced raw inulin extract in the pilot scale experiment was purified following extraction. At first, suspended matter was removed by using a disc centrifuge (room temperature, 12340 rcf; 8.3 min -1 ). In a succeeding step, the extract was concentrated from 130 L to 50 L by using a falling film evaporator (70°C, 250 mbar). Finally, the raw extract was spray dried (T in spray dryer: 140°C, T out spray dryer: 70°C, volumetric flow: 0.9 L/h).
